obtained in an investigation on the influence of certain dietary supplements on the nutrition of the adult African native 1 suggested to us that further work might profitably be carried out on growing subjects, particularly with a view to determining the calcium requirements.
In order that the calcium balances might be followed out in more detail than had been possible in our previous work only five subjects were selected.
SUBJECTS.
These five subjects were chosen from among twenty whom we considered reasonably comparable as regards age, physical development, general condition and type of prison employment. The average age of the five was 16 years. They all belonged to the Nandi tribe with one exception who was a Masai. All were employed on gardening work in Nairobi Prison where they were serving long term sentences. PRELIMINARY TREATMENT. As a preliminary the Wassermann test was carried out on the five boys: all were negative. Further, stools were examined for parasites and blood for evidence of malaria. Where necessary the subjects were deparasitised and treated for malaria. Similar examinations were made periodically throughout the experiment. Treatment was carried out as required and did not interfere with the experimental work. EXPERIMENTAL METHOD. The boys were under the same strict supervision as obtained in the previous experiment, and in general the experimental method was that already described.
DIVISIONS OF THE EXPERIMENT.
The experiment was divided into four periods as follows:
(1) A preliminary period of 3 weeks during which the subjects were on the usual long term prisoners' diet.
(2) A period of 5 weeks during which the prison hospital diet replaced the prison diet.
(3) A supplement period of 9 weeks when certain additions were made to the prison hospital diet. These additions differed in the case of each of the five subjects.
(4) A post-period of 7 weeks in which all subjects reverted to the unsupplemented prison hospital diet with the exception of a control (2640) who had received no addition hitherto but now received a supplement of cod-liver oil and mineral mixture.
The daily rations of the two diets referred to were as follows, and on analysis showed an ultimate composition as undernoted (Kelly and Henderson, 1927) : Whole maize is fed in the prison diet and maize flour in the prison hospital diet.
Supplements.
The following table gives particulars of the men and shows the daily additions made to the prison hospital diet during the supplement period: The mineral mixture was identical with that already noted and described >in the preceding communication. It was of approximately the same composition as the ash of cows' milk, the daily dose being equivalent to the ash in 1 pint of milk. The calcium thus added daily was 0-68 grm. Ca. From analysis the calcium content of the milk fed to subject 2534 averaged 0-77 grm. Ca per day. This figure is somewhat higher than had been expected. From analysis done in Great Britain and America 1 pint of milk would contain, on average, about 0-68 grm. Ca (i.e. 0-12 per cent.). The analyses of milks from native cows, however, gave an average percentage of 0-1356, which is equivalent to 0-77 grm. Ca in 1 pint of the milk used in our experiment. The milk was boiled-a routine measure customary in this country. CALCIUM BALANCES.
The calcium balances of the five subjects were determined on nine occasions, twice in the prison diet period, three times in the prison hospital diet period and four times in the supplement-period. The urine and faeces were collected continuously for 96 hours on each occasion, the excreta being removed for analysis at the end of each 48 hours. These nine 96-hour collections were distributed throughout the experiment with a view to being representative of the period in which they were made. Short of making absolutely continuous collections (which we found quite impossible to undertake), this alternative appeared satisfactory. Table I gives details of the calcium balances over 96 hours. Table II epitomises these results on the basis of a 24-hour balance. Each subject was weighed weekly, the growth curves being represented in Fig. 1 . The serum calcium, determined on two occasions, gave the following results: 2640, 10-6 and 11-0; 2413, 10-4 and 10-0; 1217, 10-4 and 10-4; 2415, 10-4 and 9-8; 2534,10-0 mg. per 100 c.c. The second determination for subject 2534 was not made on account of an accident. DISCUSSION OP RESULTS.
Calcium requirements.
As regards the retention of calcium during the prison diet period it will be observed from Table II that in three out of the five subjects there is a negative balance amounting to, in one case (2415), as much as 0-29 grm. Ca per day. Even the highest positive balance is only 0-0385 grm. Ca per day (2640). In the second period (prison hospital diet) all five men are on a negative calcium balance, subjects 2413 and 2415 losing 0-2 grm. Ca or more per day.
Out of fifteen 96-hour collection periods (i.e. three collections from each of five men in the prison hospital diet period) only one positive balance was obtained, namely + 0-1972 grm. Ca in the case of subject 2640 (Table I) .
This prevalence of negative calcium balances is not what one would expect to find in growing boys. Subject 2415, for example, was increasing in weight during the first two periods at a rate of over 2 lb. per week. Sherman and Hawley (1922) found in experiments on the calcium retention of children from 3 to 13 years of age that 0-15-0-62 grm. Ca were retained per day, the amount increasing with the age and size of the child. The average daily storage in this series was 0-01 grm. calcium per kilo of body weight. For boys of the ages from 6 to 14 years Herbst (1912) also obtained similar figures (0-01-0-016 grm. Ca per kilo of body weight). Extending the application of these figures to our subjects, who, it is true, were older but were still rapidly growing, we might legitimately expect a daily calcium storage of something in the region of 0-5 grm. Ca.
So far from this being the case, we find our subjects actually losing calcium, at an average rate of 0-1 grm. per 24 hours. A consideration of the two prison diets and their calcium content throws some light upon the above state of affairs. The average daily intake of calcium provided by these two diets is 0-323 grm. Anyone familiar with the literature will recognise that this amount is not even sufficient for maintenance, far less for growth. Sherman (1920) in his summary of our knowledge on the calcium maintenance requirement arrives at the conclusion that the minimum of actual need is 0-45 grm. calcium per day for adults averaging 70 kilos body weight. This maintenance allowance of 0-45 grm. corresponds to the minimum protein maintenance allowance of 44 grm. per man per day. To bring this into line with the 100 grm. protein standard, 1-0 grm. calcium would require to be ingested. For adults this 1-0 grm. amount of calcium per day may be taken as furnishing an appropriate margin of safety over the minimum maintenance allowance of 0-45 grm. Ca. As our subjects were still growing and had an average initial weight of 50 and not 70 kilos, it is probable that their maintenance value should be nearer 0-5 grm. Ca than the 0-45 figure given by Sherman for adults. We have already assumed, however, that our subjects would require 0-5 grm. calcium per day to be retained for the purposes of growth. Thus, a calcium intake of about 1-5 grm. per day would seem to be necessary for these growing subjects. This would provide 0-5 grm. for maintenance, 0-5 grm. for storage and 0-5 grm. as a margin of safety for the inevitable loss due to imperfect absorption. In the case of the growing pig, for example (Orr and Husband, 1922) , which has a capacity for calcium storage about ten times as great as the human, one finds that to ensure a retention of 5 grm. calcium per day one has to provide at least 10 grm. in the food. This shows that the 0-5 grm. moiety as a "margin of safety" in the case of humans is no mere gratuitous addition.
If, then, as it would appear, this prevalence of negative calcium balances in growing boys is largely due to the very low calcium intake in the food (0-323 grm. per day), one would expect to find some improvement on the addition of calcium. Accordingly as already stated we added, in the case of 1217, 0-6814 grm. Ca in the mineral mixture, thus making the total intake per 24 hours 1-0274 grm. Ca. This is at least an approach to the figure (1-5 grm.) which we have already deduced as desirable. In the case of 2415, 15 c.c. cod-liver oil was given in addition to the above increased calcium intake. Subject 2534 had his daily calcium intake raised to 1-1162 grm. by the addition of 1 pint of cows' milk per day. No extra calcium was given to 2640 (who acted as a control) nor to 2413; the latter, however, received daily 15 c.c. codliver oil. To discuss these subjects individually: 1217. (Mineral mixture.) A consistently negative balance became consistently positive on the addition of the extra calcium, the subject retaining roughly 0-25 grm. Ca per day, an amount equivalent to what, on occasion, he had previously been losing per day.
(Minerals and cod-liver oil.)
A consistently negative balance became, on the addition of the supplement, positive on three out of the four occasions. A daily loss of calcium of almost 0-3 grm. per day was converted to a retention of 0-1 grm. per day.
(Milk.)
A consistent loss of calcium averaging over 0-1 grm. per day was converted to a consistent retention of 0-5 grm. per day.
A negative balance of 0-2 grm. per day in the prison hospital diet period was slightly reduced on the addition of cod-liver oil to -0-13 grm. Ca per day, but the subject did not revert to the calcium equilibrium he had shown in the prison diet period. 2640. (No additions.) This subject was practically in calcium equilibrium throughout the three periods, his balance being, if anything, on the positive side and varying within very narrow limits.
These balances are graphed in Fig. 2 . It appears, from the above, therefore, that without exception those subjects who received added calcium showed a very definite improvement in their balance. Given increased calcium in the food they readily absorbed and retained it, the more readily, perhaps, since they had been on a continued low calcium intake and, at the time of analysis, at least, on a distinctly negative calcium balance. Such, on the other hand, as received no additional calcium remained on a negative balance as in the case of the subject receiving cod-liver oil alone, or more or less in calcium equilibrium as in the case of the control subject.
This would emphasise the fact that where the calcium intake is low, the most valuable addition that can be made is primarily one of calcium itself. We are aware, of course, that in giving either milk or the mineral mixture we are improving not only the calcium intake, but also the Ca : P ratio. Thus, a ratio of approximately 1 : 7 is changed to one of 1 : 3. It would further impress the futility of adding a calcium absorption promoting vitamin in the absence of an adequate calcium intake. Indeed, where there is a pressing demand for calcium, as in the case of these growing boys who have been on a diet deficient in this element, the furnishing of an adequate amount in the food, with or without an increase in the vitamin content, would seem to meet the needs of the case. Thus, subject 2415 (minerals and cod-liver oil) shows no improvement in retention over subject 1217 (minerals alone), though, it is true, 2415 was raised from a much greater negative balance. It has, however, to be pointed out that the best result of all was obtained when the calcium was added in the form of milk. This is in accordance with the work of Sherman and Hawley (1922) . These findings, in so far as the experiments are comparable, are strongly confirmatory of our previous balance determinations. We put forward the results of these earlier determinations somewhat tentatively on account of the shortness of the collection periods and the small number of subjects examined. The two series of results are now seen, however, to be mutually supporting.
To return to a consideration of the maintenance requirement we have already assumed that about 0-5 grm. calcium per day is necessary. In actual fact we find that four of the five subjects lose per day, on the low average intake of 0-32 grm. Ca, the following amounts respectively: (1217), 0-10 grm. Ca;
(2413), 0-09 grm. Ca; (2415), 0-27 grm. Ca; (2534), 0-12 grm. Ca. Adding these small negative balances to the intake we obtain as maintenance requirements the following values: (1217), 0-42 grm. Ca; (2413), 0-41 grm. Ca; (2415), 0-59 grm. Ca; (2534), 0-44 grm. Ca. In the case of 2640 since he is in effect in calcium equilibrium, we may conclude that his maintenance value is equal to his intake, i.e. 0-32 grm. Ca per day. The average of these five values gives a figure for maintenance of 0-43 grm. Ca per day which, is in tait agreement with the 0*50 grm. postulated.
Accepting then this maintenance requirement of 0 4 43 grm. Ca per day, it is obvious that if the intake was only 0-32 grm. originally, then, in those cases in which we increased the intake by 0-68 grm. an amount of Oil grm. Ca (0-43-0-32) is actually needed to bring the subject into equilibrium. Therefore 0-57 grm. Ca is left for storage purposes. Of this we find an average of almost 0-20 grm. retained which is an approximation to the 50 per cent, retention of any additional calcium over and above the maintenance allowance. In the case of the subject receiving milk, 2534, whose intake was raised by 0-77 grm. Ca daily, this value amounts to 74 per cent.
One will observe that these marked improvements in the calcium balances were brought about by an addition of calcium which, though approaching to, did not equal the postulated optimum daily intake of 1-5 grm. Ca for growing subjects. That an even more marked retention might have resulted from a 1-5 grm. daily intake seems not improbable.
Blood calcium.
The serum calcium values were initially normal and remained so throughout the experiment.
Growth.
In the previous experiment our subjects were adult men whose weight had been practically stationary. Any increase, therefore, due to the addition of a supplement was uncomplicated and easily observed. Here, however, the fact that the subjects were growing fairly rapidly probably masks any improvement in weight due to the addition of supplements. Further, no criteria of growth in native tribes are available, though we understand data for such are being collected. Admissions to hospital for minor ailments, which were not infrequent during the experiment, constitute a further complication. We have, however, graphed the averaged growth curves for each period omitting those weights recorded when a subject was in hospital.
It is perhaps worthy of note that the best growth curves during the supplement period are those of the subjects receiving cod-liver oil (2415 and 2413) or milk (2534). Further, growth after withdrawal of the supplement is best maintained by subjects who had received cod-liver oil. These effects may be satisfactorily explained by the growth stimulating influence and possible storage of vitamin A.
The growth curve for the basal subject (2640) is, it is true, somewhat anomalous in so far as it shows no rise in the post-period on the addition of minerals and cod-liver oil. To what extent this is related to the fact that he was the only subject initially in calcium equilibrium and with the highest serum calcium is uncertain.
A consideration of the balance graphs and growth curves shows conclusively that growth may take place in the absence of adequate calcium storage. Indeed, on supplying cod-liver oil increased growth may be brought about (2413) while the calcium balance still remains negative. It is to be noted, however, that, apart from the subject receiving milk, the one who had both minerals and cod-liver oil shows the best growth and passes from what was the most markedly negative to a definite positive calcium balance. It is evident, of course, that continued growth along with a negative calcium balance must necessarily be unsatisfactory in that while body weight increases, skeletal growth must suffer. McCollum and Simmonds (1917) demonstrated that growth in rats on a diet low in calcium was of a stunted type. A similar observation has been made by Telfer and Crichton (1924) working with young goats on a mineral-deficient diet. While in this country skeletal deformities are not patent they are by no means unknown. In this connection tropical sunlight probably plays a beneficial part.
Should further research show that the diet of the native in his natural environment is as deficient in calcium as we have shown these institution diets to be, this deficiency may in some part account for the lack of resistance which is a recognised feature of many East African tribes. It is generally conceded that the above institution diets are markedly superior to the usual native diet. Since, however, our knowledge of native dietary habits is scanty, research is being actively prosecuted in this direction. SUMMARY AND CONCLUSIONS.
